Introduction
============

Lung cancer is an important public health concern and the leading cause of cancer-associated mortality worldwide ([@b1-mmr-17-04-4899]). Pathological findings have indicated that lung cancer is a respiratory disease that may be associated with air contamination caused by industrial pollution ([@b2-mmr-17-04-4899]). Non-small cell lung carcinoma (NSCLC) and small cell lung carcinoma are the two types of lung cancer, with incidence rates of \~85% and \~15%, respectively, according to a clinical statistical analysis of human cancers ([@b3-mmr-17-04-4899]). NSCLCs include large-cell carcinoma, squamous cell carcinoma and adenocarcinoma, the incidences of which are increasing ([@b4-mmr-17-04-4899]--[@b6-mmr-17-04-4899]). NSCLC represents \~85% of all cases of lung cancer and results in a subsequently high mortality rate ([@b7-mmr-17-04-4899]). NSCLC is initiated from the non-small cells in the lung, and is the most common type of cancer worldwide ([@b8-mmr-17-04-4899]). According to clinical statistical investigations into lung cancer, \>80% of newly diagnosed patients are in the middle or severe stages of the disease ([@b9-mmr-17-04-4899]--[@b11-mmr-17-04-4899]).

Although continuing investigations have sought to improve the efficacy of treatment for patients with NSCLC, the 5-year survival rate remains poor at \<15% ([@b5-mmr-17-04-4899],[@b12-mmr-17-04-4899],[@b13-mmr-17-04-4899]). In addition, the majority of newly diagnosed patients with NSCLC are at an advanced stage, contributing to the high mortality rate ([@b14-mmr-17-04-4899],[@b15-mmr-17-04-4899]). Previous studies have reported that the migration and invasion of NSCLC cells are the primary causes of the poor survival rate during treatment and the rate of recurrence for patients with NSCLC ([@b16-mmr-17-04-4899],[@b17-mmr-17-04-4899]). As a result, the development of effective agents that inhibit migration and invasion has become a necessity for the treatment of patients with cancer ([@b18-mmr-17-04-4899],[@b19-mmr-17-04-4899]).

Radiotherapy, chemotherapy and other treatments used in patients with locally advanced NSCLC have been demonstrated to improve outcomes more effectively than up-front surgical resection ([@b20-mmr-17-04-4899]--[@b22-mmr-17-04-4899]). These conventional therapies have been demonstrated to be effective at temporarily controlling the disease ([@b23-mmr-17-04-4899],[@b24-mmr-17-04-4899]); however, previous studies on nasopharyngeal carcinoma have demonstrated that high-dose irradiation and/or chemical drugs may be associated with an increased probability of toxicity and damage to the immune system, which led to more rapid migration and invasion ([@b25-mmr-17-04-4899]--[@b27-mmr-17-04-4899]). A number of previous studies have proposed more advanced oncotherapeutic techniques to improve patient outcomes, including virotherapy, immunotherapy, targeted therapy, stem cell therapy, gene therapy and comprehensive care ([@b28-mmr-17-04-4899]--[@b31-mmr-17-04-4899]). According to previous analyses of therapeutic efficacy, targeted therapy exhibits the potential for human cancer treatment and the possibility of eradicating tumor cells; for example, a tumor-free condition was attained by targeting the digoxin-specific antigen of tumor cells ([@b32-mmr-17-04-4899],[@b33-mmr-17-04-4899]).

Metastasis-associated protein 2 (MTA2) is a member of the MTA family of chromatin remodeling proteins, which have been reported to serve roles in tumor progression and metastasis ([@b34-mmr-17-04-4899],[@b35-mmr-17-04-4899]). Previous studies have demonstrated that MTA2 is overexpressed in a number of cancers, which indicated that the inhibition of MTA2 activity may be beneficial for the treatment of human cancer ([@b36-mmr-17-04-4899],[@b37-mmr-17-04-4899]). Additional studies have indicated that MTA2 may be required for the invasion and metastasis of human pituitary adenomas through the epithelial-mesenchymal transition pathway, and overexpression of MTA2 may contribute to breast cancer cell growth, resulting in an enhanced anchorage-independent growth and metastasis ([@b38-mmr-17-04-4899],[@b39-mmr-17-04-4899]). In addition, MTA2 has been associated with bone invasion and tumor stage in human pituitary adenomas ([@b40-mmr-17-04-4899]). These previous reports suggested that MTA2 may be a potential target for inhibiting tumor growth and aggressiveness in the treatment of cancer.

The present study investigated the expression and function of MTA2 and MTA2-mediated signaling in NSCLC cells. Although our previous study suggested that MTA2 may promote the metastasis of NSCLC by inhibiting the expression of epithelial cell adhesion molecule (Ep-CAM) and E-cadherin, the mechanisms of MTA2-mediated signaling pathway have not been elucidated in NSCLC cells ([@b41-mmr-17-04-4899]). The results of the present study demonstrated that the extracellular signal-regulated kinase (ERK) and RAC-α serine/threonine protein kinase (AKT) signaling pathways may be involved in the progression of MTA2-mediated migration and invasion of NSCLC cells. Additionally, the inhibitory effects of MTA2-mediated tumor growth were analyzed *in vitro* and *in vivo*.

Materials and methods
=====================

### Ethics statement

The present study was performed in accordance with the recommendations in The Guide for the Care and Use of Laboratory Animals of Tianjin Medical University (Tianjin, China). Experimental protocols were approved by The Chinese Association for Laboratory Animal Science (Beijing, China). All surgeries and euthanasia were performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering.

### Cell culture and reagents

A549 and H358 human lung carcinoma cells were purchased from The American Type Culture Collection (ATCC; Manassas, VA, USA). A549 and H358 cells were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% heat-inactivated FBS (Gibco; Thermo Fisher Scientific, Inc.), 3 mM L-glutamine, 50 µg/ml gentamicin (BioWhittaker; Lonza Group, Ltd., Basel, Switzerland) and 1% penicillin/streptomycin. The MRC-5 (no. 55-X™; ATCC) normal lung cell line were cultured in minimum essential medium (MEM; Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% heat-inactivated FBS. Cells were cultured at 37°C with 5% CO~2~. All cells were demonstrated to be free from mycoplasma contamination.

### Transfection of micro (mi)RNA mimics and small interfering (si)RNA

All siRNAs were synthesized by Invitrogen (Thermo Fisher Scientific, Inc.), including si-MTA2 and siRNA-control (si-MTA2 sense strand, 5′-UGAACAAGACAGAGCUCAATT-3′ and antisense strand, 5′-UUGAGCUCUGUCUUGUUCATT-3′; siRNA-control sense strand, 5′-UGAUGAUCCACCAAGAGCUCUUGCC-3′ and antisense strand, 5′-UUGAGCUCUGUCUUGUUCATT-3′; miMTA2 sense strand, 5′-CACTCGAGAGTCCACCTCCAGTGTAGdTdT-3′ and antisense strand, 3′-dTdTCAGCGGCCGCAGTCAATGGAATGCTTG-5′; miRNA mimics sense strand, 5′-CGUGAUUGCGAGACUCUGAdTdT-3′ and antisense strand, 3′-dTdTGCACUAACGCUCUGAGACU-5′). A549 cells (1×10^6^) were transfected with 100 pmol plentivirus-si-MTA2 or plentivirus-siRNA-control at 25°C for 48 h (Ambion; Thermo Fisher Scientific, Inc.) using the Cell Line Nucleofector kit L and a Nucleofector I electroporation device according to a prewritten program (both from Lonza Group, Ltd.). All procedures were performed according to the manufacturer\'s instructions. The efficiency was determined by RT-qPCR (data not shown) as described below.

### Transfection of pMTA2

A549 cells (1×10^6^) were cultured MEM with 5% FBS in six-well plate until 90% confluence. The media was subsequently removed. The MTA2 gene (GenBank, Y14808.1) was synthesized and cloned into pCMVp-NEO-X system (Takara Biotechnology Co., Ltd., Dalian, China). The recombinant vector was named pCMVp-NEO-MTA2 (pMTA2). Cells were transfected by pCMVp-NEO-MTA (2 µg) using Lipofectamine 2000 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), according to the manufacturer\'s instructions. Following 72 h transfection, subsequent experimentations were performed.

### ELISA analysis

The affinity of the antibody against (Ab)MTA2 (cat. no. ab8106; Abcam, Cambridge, UK) with MTA2 was analyzed using an MTA2 commercial ELISA kit (cat. no. M7569-200UL; Thermo Fisher Scientific, Inc.), according to manufacturer\'s instructions. Briefly, A549 cells (1×10^3^) were cultured in 96-well plates (Invitrogen; Thermo Fisher Scientific, Inc.) pre-coated overnight at 4°C with AbMTA2, blocked with 1% bovine serum albumin (BSA; Sigma-Aldrich; Merck KGaA) in PBS for 1 h at 4°C, and incubated with standard MTA2 dilutions for 2 h at 37°C. Subsequently, AbMTA2 for 30 min at 37°C followed by washes with PBS three times. The results were measured using an ELISA reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) reader at a wavelength of 450 nm.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from A549 cells (1×10^8^) pre- or post-treatment with AbMTA2 (5 mg/ml, 1×10^8^), siMTA2 transfection (1×10^8^) or pMTA2 transfection (1×10^8^) using an RNAeasy Mini kit (Qiagen Sciences, Inc., Gaithersburg, MD, USA) according to the manufacturer\'s instructions. Total RNA (1 µg) was reverse transcribed into cDNA using the Reverse Transcription kit (Qiagen Sciences, Inc.) and the quality was confirmed using 1.5% agarose (Sigma-Aldrich; Merck KGaA) electrophoresis. cDNA (10 ng) was subjected to qPCR analysis with SYBR Green Master Mix system (Bio-Rad Laboratories, Inc.), according to the manufacturer\'s instructions. All the forward and reverse primers were synthesized by Invitrogen; Thermo Fisher Scientific, Inc. ([Table I](#tI-mmr-17-04-4899){ref-type="table"}). Cycling conditions were as follows: 45 cycles of denaturation at 95°C for 2 min, annealing at 66°C for 30 sec with touchdown to 56°C for 30 sec, and extension at 72°C for 10 min. Relative mRNA expression changes were calculated using the 2^−ΔΔCq^ method ([@b42-mmr-17-04-4899]). Experiments were repeated three times and the results are expressed as the n-fold change relative to the control.

### MTT assay

A549, pMTA2-, or siMTA2-transfected cells (1×10^3^ cells/well) were incubated with AbMTA2 in 96-well plates for 72 h at 37°C in triplicate for each condition. At each time-point, 20 µl MTT (5 mg/ml) in PBS solution was added to each well and the plate was further incubated for 4 h at 37°C. The medium was removed and 100 µl dimethyl sulfoxide was added to the wells to solubilize the crystals. The optical density was measured using an ELISA microplate reader (Bio-Rad Laboratories, Inc.) at 450 nm.

### Induction of apoptosis in A549 cells

A549, pMTA2-, siMTA2-transfected or AbMTA2-treated cells (1×10^6^) were cultured in six-well plates until 80% confluence was reached. Apoptosis was assessed by incubating the cells with chemotherapeutic agent Taxol^®^ (5 mg/ml) or PBS for 72 h at 37°C. Following incubation with AbMTA2, the cells were trypsinized and harvested by centrifuging at 2,000 × g for 10 min at room temperature. The cells were washed in cold PBS, adjusted to 1×10^6^ cells/ml with PBS, labeled with Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (Annexin V-FITC kit; BD Biosciences, Franklin Lakes, NJ, USA), and analyzed using a FACScan flow cytometer (BD Biosciences) and FlowJo 10.0.7 software (Tree Star, Inc., Ashland, OR, USA).

### Cell invasion and migration assays

A549, pMTA2-, siMTA2-transfected, AbMTA2-treated or PBS-treated cells were seeded into the upper chamber of each insert. Subsequently, 500 µl DMEM containing 10% FBS was added to a 24-well plate for 24 h. Migration and invasion analysis of cells was conducted in a 24-well culture plate with chamber inserts (BD Biosciences). For the migration assays, 1×10^4^ cells/well were placed into the upper chamber with a non-coated membrane. For the invasion assays, cells (5×10^4^ cells/well) were placed into the upper chamber with a Matrigel-coated membrane. All procedures were performed according to the manufacturer\'s instructions. The cells were fixed and stained for 30 min in a 0.1% crystal violet solution in PBS. The tumor cell invasion and migration was counted in at least three random fields/membrane, by light microscopy (Olympus Corporation, Tokyo, Japan) at ×40 magnification.

### Western blot analysis

A549 cells (1×10^7^) were treated with AbMTA2 (40 ng/ml) for 72 h. The A549 cells were harvested by scraping and lysed in radioimmunoprecipitation assay buffer (Invitrogen; Thermo Fisher Scientific, Inc.) followed by homogenization at 4°C for 10 min. Protein concentration was measured with a bicinchoninic acid protein assay kit (Thermo Fisher Scientific, Inc.). Proteins (10 µg) were analyzed by 15% SDS-PAGE and transferred onto polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). Membranes were blocked with 5% BSA (Sigma-Aldrich; Merck KGaA) for 2 h at room temperature and probed with antibodies (Abcam) against the following proteins: MTA2 (1:1,000; cat. no. ab5392), ERK (1:1,000; cat. no. ab17942), AKT (1:1,000; cat. no. ab8805), matrix metalloproteinase 2 (1:5,000; MMP2; cat. no. ab7033), MMP-9 (cat. no. ab38898), cardiotrophin-1 (CT-1; cat. no. ab80527), rRNA 2′-O-methyltransferase fibronectin (FIB; 1:1,000; cat. no. ab2413), E-cadherin (1:1,000; cat. no. ab76055), Snail (1:1,000; cat. no. ab53519), caspase-3 (1:2,000; cat. no. ab13585), Bcl2-associated agonist of cell death (Bad; 1:1,000; cat. no. ab32060), N-cadherin (1:2,000; cat. no. ab18203), p-ERK (1:2,000; cat. no. ab192591), pAKT (1:2,000; cat. no. ab81283), vimentin (1:1,000; cat. no. ab92547) and β-actin (1:2,000; cat. no. ab8827) for 12 h at 4°C. The horseradish peroxidase-conjugated anti-rabbit IgG secondary antibody (cat. no. VPA00764; Bio-Rad Laboratories, Inc.) was used at a 1:5,000 dilution for 2 h at 4°C and detected using enhanced chemiluminescence substrate ECL Select™ (GE Healthcare Life Sciences, Little Chalfont, UK), according to the manufacturer\'s instructions. The density of the bands was analyzed using Quantity One software version 4.62 (Bio-Rad Laboratories, Inc.).

### Immunofluorescence

A549 cells (1×10^6^) were cultured in six-well plates until a 90% confluent monolayer was achieved. The cells were subsequently incubated with a mouse anti-human MTA2 primary antibody (1:1,000; cat. no. ab5392; Abcam) for 12 h at 4°C. The cells were washed with PBS to completely remove the residual antibody and incubated with horseradish peroxidase-conjugated anti-rabbit IgG secondary antibody (1:5,000; cat. no. 1721019; Bio-Rad Laboratories, Inc.) for 2 h at 37°C. Following washing in PBS, cells were mounted with anti-fade reagent DAPI (Invitrogen; Thermo Fisher Scientific, Inc.) for 2 h at 37°C and viewed with fluorescent microscope (Olympus Corporation, Tokyo, Japan) at ×40 magnification.

### Immunohistochemistry

Tumors from NSCLC carcinoma xenograph mice treated with AbMTA2 or PBS were excised on day 30 and fixed using 10% formaldehyde followed by embedding in paraffin wax, and cut into serial sections (4 µm). Tissues were washed with PBS-Tween-20 (PBST) three times at room temperature and antigen retrieval was performed on the tumor sections using a microwave heating AR ([@b43-mmr-17-04-4899]) subsequent to a series of ethanols (100, 95 and 80%). Tumor sections were washed with PBST at room temperature and incubated with primary antibodies: EGF (1:500; cat. no. ab9695), and VEGF (1:500; cat. no. ab32152) (both from Abcam) at 37°C for 2 h. Then, sections were blocked with 5% BSA (Sigma-Aldrich; Merck KGaA) at 37°C for 2 h and horseradish peroxidase-conjugated anti-rabbit IgG secondary antibody (Bio-Rad Laboratories, Inc.) was used to incubate primary antibodies at a 1:5,000 dilution at 37°C for 2 h. A Ventana Benchmark Automated Staining System (Ventana Medical Systems, Inc., Tucson, AZ, USA) was used for the observation of protein expression.

### Animal study

A total of 80 specific pathogen-free female nude mice (age, 6 weeks; body weight, 30--36 g) were purchased from Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China). All animals were given free access to food and water and housed in a temperature-controlled facility at 23±1°C and relative humidity of 50±5% with a 12-h light/dark cycle. Mice were subcutaneously implanted with MTA2-overexpression (n=20), MTA2-silenced (n=20) or A549 tumor cells (1×10^6^ cells) (n=20), AbMTA2 (n=20). The A549 group was divided into two groups (n=20/group) and received intravenously injected AbMTA2 (500 ng/kg) or PBS (500 ng/kg). Treatments began on day 7 following tumor cell implantation, when the tumor diameter reached 5--7 mm. The treatment was continued for 7 days at a frequency of once per day. The tumor volumes were calculated according to a previous study ([@b44-mmr-17-04-4899]). Animals (n=15 in each group) were housed for 120 days to investigate the role of MTA2 in NSCLC.

### Statistical methods

All data are presented as the mean ± standard error of the mean of triplicate experiments, and were analyzed using GraphPad Prism version 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). Unpaired data were analyzed using Student\'s t-test and comparisons of data between multiple groups were performed using one-way analysis of variance followed by Whitney rank test or Fisher\'s exact test. The Kaplan-Meier test was used to estimate the risk of relapse and re-treatment during a 120-day treatment. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### MTA2 expression and its function in NSCLC cells

A comparison of the levels of expression revealed that the MTA2 protein was expressed at notably higher levels in two NSCLC cell lines, A549 and H358, compared with a normal lung cell line, MRC-5 ([Fig. 1A](#f1-mmr-17-04-4899){ref-type="fig"}). To analyze the function of MTA2 in NSCLC cells, A549 cell cultures were established by transfection with MTA2 overexpression plasmids (pMTA2) or lentivirus-mediated siRNA-MTA2. MTA2 expression was increased following transfection with pMTA2, and decreased following si-MTA2 transfection ([Fig. 1B](#f1-mmr-17-04-4899){ref-type="fig"}). It was observed that MTA2 overexpression resulted in a significant increase in A549 cell growth, whereas si-MTA2 transfection inhibited NSCLC growth ([Fig. 1C](#f1-mmr-17-04-4899){ref-type="fig"}). Migration and invasion assays demonstrated that MTA2 is positively associated with aggressiveness ([Fig. 1D and E](#f1-mmr-17-04-4899){ref-type="fig"}) MTA2 downregulation inhibited migration and invasion of NSCLC cells, while MTA2 overexpression promoted migration and invasion of NSCLC cells. The apoptosis assay demonstrated that pMTA2 decreased the apoptosis of A549 cells induced by the chemotherapeutic agent Taxol^®^ compared to control ([Fig. 1F](#f1-mmr-17-04-4899){ref-type="fig"}). The results of the present study indicated that MTA2 proteins are more highly expressed in NSCLC cells and may be positively associated with growth, aggressiveness and apoptotic resistance of NSCLC cells.

### AbMTA2 suppresses MTA2-induced aggressiveness in NSCLC cells

The efficacy of AbMTA2 was assessed in NSCLC cells, which indicated that AbMTA2 was able to specifically bind to MTA2, as determined by ELISA analysis ([Fig. 2A](#f2-mmr-17-04-4899){ref-type="fig"}). Immunofluorescence and western blotting experiments demonstrated that AbMTA2 efficiently suppressed MTA2 protein expression in A549 cells ([Fig. 2B](#f2-mmr-17-04-4899){ref-type="fig"}). In addition, AbMTA2-suppressed expression cells exhibited decreased expression of MTA2 target genes, including MMP-2, MMP-9, CT-I and FIB compared with untransfected control cells ([Fig. 2C](#f2-mmr-17-04-4899){ref-type="fig"}). In addition, migration and invasion assays demonstrated that AbMTA2 markedly inhibited the aggressiveness of A549 cells ([Fig. 2D and E](#f2-mmr-17-04-4899){ref-type="fig"}). Furthermore, apoptotic resistance was inhibited in A549 cells following treatment with AbMTA2 for 48 h ([Fig. 2F](#f2-mmr-17-04-4899){ref-type="fig"}). The results of the present study indicated that AbMTA2 may be a potential agent for the inhibition of migration and invasion in NSCLC cells.

### MTA2 regulates migration and invasion of NSCLC cells via the ERK/AKT and VEGF signaling pathways

To analyze the mechanisms underlying MTA2-mediated growth and metastasis in NSCLC cells, the ERK/AKT and VEGF signaling pathways were analyzed. The protein expression levels of E-cadherin, Snail, N-cadherin and Vimentin were analyzed, and it was observed that AbMTA2 markedly inhibited the expression of these proteins in A549 cells ([Fig. 3A](#f3-mmr-17-04-4899){ref-type="fig"}). To confirm that AbMTA2 inhibited the epithelial-mesenchymal transition process via the ERK/AKT signaling pathway, the protein expression levels of ERK and AKT were analyzed. The data demonstrated that pMTA2 increased, while si-MTA2 and AbMTA2 suppressed ERK and AKT expression in A549 cells compared with untreated control cells ([Fig. 3B](#f3-mmr-17-04-4899){ref-type="fig"}). The expression levels of apoptosis-associated proteins Caspase-3 and Bad also exhibited a decreased expression following treatment with AbMTA2 and si-MTA2 ([Fig. 3C](#f3-mmr-17-04-4899){ref-type="fig"}). However, pMTA2 increased the expression of caspase-3 and Bad in A549 cells.

It was also demonstrated that VEGF and EGF mRNA expression levels were decreased following treatment with AbMTA2 and si-MTA2 in A549 cells ([Fig. 3E](#f3-mmr-17-04-4899){ref-type="fig"}). AbMTA2 and si-MTA2 resulted in the decreased mRNA expression of Ep-CAM and tumor angiogenesis factor in A549 cells, while pMTA2 exerted the reverse effect ([Fig. 3F](#f3-mmr-17-04-4899){ref-type="fig"}). The present results demonstrated that si-MTA2 exerted similar effects on inhibition of ERK/AKT and VEGF signaling pathways in NSCLC cells, while pMTA2 promoted ERK/AKT and VEGF signaling pathways in NSCLC cells. The results of the present study demonstrated that MTA2 regulated the expression of components of the ERK/AKT and VEGF signaling pathways in A549 cells *in vitro*.

### In vivo inhibitory effects of AbMTA2 on A549-bearing mice

To investigate whether the inhibition of MTA2 protein expression was able to inhibit NSCLC growth *in vivo*, NSCLC-bearing mice were established for further analysis. The antitumor efficacy of AbMTA2 was assessed in the NSCLC mouse model. The results in [Fig. 4A](#f4-mmr-17-04-4899){ref-type="fig"} demonstrated that tumor size was significantly inhibited in A549-bearing nude mice following AbMTA2 treatment, compared with mice treated with PBS, si-MTA2 transfection and pMTA2 transfection (P\<0.01), whereas MTA2-overexpressing cells developed a large tumor mass. We demonstrated that si-MTA2 transfection significantly inhibited tumor growth compared to pMTA2 transfection and PBS-treated mice (P\<0.01). Immunohistochemistry and western blotting results of the present study indicated that ERK and AKT protein expressions were decreased following treatment with AbMTA2 and si-MTA2 transfection compared with pMTA2 transfection and PBS-treated mice ([Fig. 4B](#f4-mmr-17-04-4899){ref-type="fig"}). In addition, it was observed that VEGF protein expression was reduced in AbMTA2 and si-MTA2 transfection groups compared to pMTA2 transfection and PBS-treated groups ([Fig. 4C](#f4-mmr-17-04-4899){ref-type="fig"}). Additionally, long-term (120-day observation) survival analysis demonstrated that AbMTA2 therapy and si-MTA2 transfection significantly prolonged the survival of NSCLC-bearing mice compared with pMTA2 transfection and PBS-treated groups ([Fig. 4D](#f4-mmr-17-04-4899){ref-type="fig"}; n=12/group). The results of the present study indicated that treatment with AbMTA2 significantly decreased ERK, AKT and VEGF protein expression levels, which may translate into long-term survival and tumor-free living in A549-bearing mice.

Discussion
==========

The occurrence of lung cancer has been associated with industrial pollution and destruction of the ecological environment in developed countries ([@b45-mmr-17-04-4899]). Although a number of clinical treatments have been proposed, these strategies frequently lead to toxic side effects and are ineffective ([@b46-mmr-17-04-4899]). Molecular-targeted therapies have the potential to be highly targeted alternatives, with decreased toxicity to normal human tissues and with the capacity to completely eradicate the tumor ([@b47-mmr-17-04-4899]--[@b49-mmr-17-04-4899]). These therapies work by using multi-targeted therapeutic drugs that are able to directly target antigens on malignant cells. To date, a number of molecular-targeted therapies have been demonstrated to be successful in treating human lung cancer ([@b50-mmr-17-04-4899]). A previous study demonstrated that MTA2 may serve an important role in tumor progression, and may be a potential target for human cancer therapy ([@b51-mmr-17-04-4899]). In the present study, a targeted therapy antibody towards MTA2 was constructed for the treatment of human NSCLC, and its efficacy was investigated in NSCLC cells and xenograft mice. The results demonstrated that antibody targeting of MTA2 may be an efficient strategy for the treatment of NSCLC.

NSCLC is the main type of human lung cancer (\>80% of lung cancer cases) and is frequently diagnosed at an advanced stage. Therefore, the majority of patients with NSCLC exhibit a limited survival rate post-diagnosis ([@b52-mmr-17-04-4899]). In addition, the relatively higher rates of morbidity and mortality of NSCLC, compared with other types of human cancer, have become an issue of increasing importance ([@b53-mmr-17-04-4899]). A previous study reported that the number of cases of NSCLC has been increasing in recent years, which has become a public health focus ([@b54-mmr-17-04-4899]). Therefore, understanding the pathogenesis of NSCLC and the mechanisms of its progression is required for the development of treatments for NSCLC.

A number of signaling pathways have been suggested to be involved in NSCLC progression, and have been targets of clinical and literature research. It was hypothesized that NSCLC may become resistant to therapies through feedback mechanisms that may compensate for targeted inhibition ([@b55-mmr-17-04-4899]). Molecular targets of the VEGF and ERK/AKT pathways may simultaneously inhibit two important signaling pathways activated in NSCLC cells and may overcome one potential aspect of resistance to single-agent therapy. Previous studies have suggested that treatment options may be available for targeting the VEGF and ERK/AKT-mediated pathways ([@b56-mmr-17-04-4899],[@b57-mmr-17-04-4899]). In the present study, the MTA2-mediated mechanism in NSCLC cells was analyzed to elucidate the role of signaling pathways following treatment with AbMTA2. The results indicated that MTA2 may regulate the growth and aggressiveness of NSCLC via the ERK/AKT and VEGF signaling pathways. Notably, it was identified that AbMTA2 treatment decreased the apoptotic resistance of NSCLC cells induced by chemotherapy with Taxol^®^. Treatment with AbMTA2 inhibited growth through the VEGF signaling pathway and suppressed migration and invasion via the ERK/AKT signaling pathway.

The present study identified AbMTA2 to be an efficient anti-NSCLC agent for the inhibition of development and metastasis, which has been reported to be associated with NSCLC cell proliferation, migration and invasion ([@b58-mmr-17-04-4899]). The results of the present study demonstrated that AbMTA2 regulated proliferation, migration and invasion through the ERK/AKT and VEGF signaling pathways in tumor cells and xenograft models. Notably, it was additionally observed that AbMTA2 decreased apoptotic resistance via downregulation of caspase-3 and Bad expression in NSCLC cells. The results of the present study suggested that MTA2 may be a potential target in NSCLC and that AbMTA2 may be able to inhibit NSCLC proliferation and invasion through inhibition of the ERK/AKT and VEGF signaling pathways.

![MTA2 expression and regulatory effects on NSCLC cells. (A) MTA2 expression in NSCLC and normal human lung cells. (B) Detection of MTA2 expression in lentivirus-mediated si-MTA2 and MTA2 overexpression NSCLC cells. (C) Analysis of the association between MTA2 and the growth of NSCLC cells. (D) Analysis of the association between MTA2 and the migration of NSCLC cells. Magnification, ×400. (E) Analysis of the association between MTA2 and the invasion of NSCLC cells. Magnification, ×400. (F) Apoptosis rate of A549 cells in conditions of MTA2 overexpression and loss. The data are presented as the mean ± standard error of the mean of three independent experiments. \*\*P\<0.01 vs. control. MTA2, metastasis associated protein MTA2; NSCLC, non-small cell lung carcinoma; si, small interfering.](MMR-17-04-4899-g00){#f1-mmr-17-04-4899}
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Targeting MTA2 suppresses the growth and aggressiveness of non-small cell lung carcinoma cells. (A) Affinity of AbMTA2 with MTA2 as determined by ELISA analysis. (B) Immunofluorescence and western blotting experiments analyzed the efficiency of AbMTA2 targeting for MTA. Magnification, ×200. (C) Expression of MTA2 target genes in A549 cells. (D) Migration of A549 cells following treatment with AbMTA2. Magnification, ×400. (E) Invasion of A549 cells following treatment with AbMTA2. Magnification, ×400. (F) Apoptotic resistance of A549 cells following treatment with AbMTA2. The data are presented as the mean ± standard error of the mean of three independent experiments. \*\*P\<0.01. MTA2, metastasis associated protein MTA2; siRNA, small interfering RNA; MMP-2, 72 kDa type IV collagenase; MMP-9, matrix metalloproteinase-9; CT-1, cardiotrophin-1; FIB, rRNA 2′-O-methyltransferase fibrillarin; Ab, antibody.
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![Mechanism of MTA2-mediated signaling pathways in non-small cell lung carcinoma cells. (A) E-cadherin, Snail, N-cadherin and vimentin expression levels in A549 cells following treatment with the indicated agents. (B) ERK and AKT expression in A549 cells following treatment with the indicated agents. (C) Apoptosis-associated proteins caspase-3 and Bad expression levels in A549 cells. (D) VEGFR1, VEGFR2 and VEGFR3 expression levels in AbMTA2-treated A549 cells. (E) VEGF and EGF expression levels in AbMTA2-treated A549 cells. (F) Ep-CAM and TAF expression in A549 cells. The data are presented as the mean ± standard error of the mean of three independent experiments. \*\*P\<0.01 vs. control. MTA2, metastasis associated protein MTA2; Snail, zinc-finger protein SNAI1; ERK, extracellular signal-regulated kinase; AKT, RAC-α serine/threonine protein kinase; Bad, Bcl2-associated agonist of cell death; VEGFR, vascular endothelial growth factor receptor; EGF, pro-epidermal growth factor; Ep-CAM, epithelial cell adhesion molecule; TAF, tumor angiogenesis factor; si, small interfering; Ab, antibody.](MMR-17-04-4899-g03){#f3-mmr-17-04-4899}

![Therapeutic effects of AbMTA2 on A549-bearing mice *in vivo*. (A) Growth of non-small cell lung carcinoma tumor in A549-bearing mice following treatment with the indicated agents. (B) ERK and AKT expression levels in the experimental tumor on day 25. Magnification, ×400. (C) VEGF and EGF expression levels in the experimental tumor on day 25. Magnification, ×400. (D) Long-term (120-day observation) survival of A549-bearing mice following treatment with the indicated agents. The data are presented as the mean ± standard error of the mean of three independent experiments. \*\*P\<0.01 vs. control. Ab, antibody; MTA2, metastasis associated protein MTA2; ERK, extracellular signal-regulated kinase; AKT, RAC-α serine/threonine protein kinase; VEGF, vascular endothelial growth factor; EGF, pro-epidermal growth factor; si, small interfering.](MMR-17-04-4899-g04){#f4-mmr-17-04-4899}

###### 

Sequences of primers.

            Sequence                                 
  --------- ---------------------------------------- ---------------------------------------
  VEGFR1    5′-TCACTGCCACTCTAATTGTC-3′               5′-CCATATGCGGTACAAGTCA-3′
  VEGFR2    5′-AAGGCGAGACCTGCATTC-3′                 5′-CTGCCCTCTTCTGAGCTCT-3′
  VEGFR3    5′-AGCCATTCATCAACAAGCCT-3′               5′-GGCAACAGCTGGATGTCATA-3′
  VEGF      5′-TGCATTCACATTGTGCTGCTGTAG-3′           5′-GCAGATTATGCGGATCAAACC-3′
  EGF       5′-CATCCAGTGAGACCAATGAG-3′               5′-GTAGCCGCCAGTTCACCATT-3′
  Ep-CAM    5′-TGCTGAACTGAAGTACACTGGCATTGGTTTTG-3′   5′-CCTGAACTGAAGTACTGGCATTGGTCAGTCA-3′
  TAF       5′-ACTGGCAGTATGTGCACTGC-3′               5′-CAGCCTGGGTCAGGGTCAATCCCT-3′
  β-actin   5′-CATCTCTTGCTCGAAGTCCA-3′               5′-ATCATGTTTGAGACCTTCAACA-3′

VEGF, vascular endothelial growth factor; Ep-CAM, epithelial cell adhesion molecule; TAF, tumor angiogenesis factor; EGF, pro-epidermal growth factor.
